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INTRODUCTION
Escherichia coli, one of the first enteric bacilli to be described and cultured, is a normal inhabitant of the intestinal tract of humans and animals. [1] In recent years, extraintestinal infections (EIs) due to E. coli are common in all age groups and can involve almost any organ or anatomical site. [2] Extraintestinal pathogenic E. coli (ExPEC) strains have acquired genes encoding diverse virulence factors (VFs) that enable them to cause infections outside of the gastrointestinal tract. [3] The treatment of E. coli infections is increasingly becoming difficult because of the multi-drug resistance exhibited by the organism. However, several studies have characterized these isolates based on their phenotypic, genotypic and clinical properties but little attention has been focused on nonlactose fermenting (NLF) E. coli isolates (atypical strains). Hence, the present study was undertaken to find out the VFs, phylogenetic background, and antimicrobial resistant pattern of NLF isolates in contrast to lactose fermenting (LF) isolates.
SUBJECTS AND METHODS

Participants and clinical isolates
The study was conducted during the period from August 2010 to January 2013, from patients of a tertiary care hospital in
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South India, after obtaining permission from the institutional ethical committee. Three hundred nonrepeated strains of E. coli were isolated from the specimen such as urine, blood, wound swab, pus, cerebrospinal fluid, ascites fluid, and intravascular devices from the study population.
Identification of the organism
Isolates were identified based on colony morphology on blood agar, MacConkey's agar Four to five suspected colonies from each bacterial plate were picked, cultured, and then identified by the various biochemical tests. Biochemical tests were performed to confirm E. coli using Gram-staining, catalase test, indole, methyl red, Voges-Proskauer test, nitrate reduction, urease production, Simmon citrate agar, and various sugar fermentation tests. [4] LF and NLF isolates were categorized based on lactose fermentation on MacConkey's agar.
E. coli ATCC 25922 was used as the quality control strains for antimicrobial susceptibility testing.
Phylotyping analysis
Phylogenetic analysis was performed by triplex polymerase chain reaction (PCR) based methods as described by Clermont et al. [5] Briefly, a combination of two genes (chuA and yjaA) and an anonymous DNA fragment (TSPE4.C2), (Primers obtained from Sigma Aldrich Pvt. Ltd., India). Allows the determination of the main phylogenetic groups of E. coli (these being A, B1, B2, and D).
Detection of virulence factor genes by multiplex polymerase chain reaction assay
Two sets of multiplex PCR were developed to detect following genes: 1. Set 1: A PCR assay was performed to detect papC, cnf1, and neuC genes as per primers and conditions described earlier with minor modification [6] 2. Set 2: Another PCR assay was performed to detect hlyA, fimH, and iutA genes as per primers and conditions described earlier with minor modification. [6] Antimicrobial susceptibility testing Antibiotic susceptibility testing was done by the modified Kirby-Bauer disk diffusion method in accordance with Clinical and Laboratory Standards Institute guidelines. [7] The antibiotic disks (Hi-Media, Mumbai, India) used were ampicillin (10 µg), piperacillin (10 µg), piperacillin/tazobactam (100/10 µg), ceftriaxone (30 µg), cefotaxime (30 µg), ciprofloxacin (5 µg), norfloxacin (10 µg), amikacin (30 µg), gentamicin (10 µg), cotrimoxazole (1.25/23.75 µg), cefoperazone + sulbactam (75/30 µg), imipenem (IPM; 10 µg), meropenem (MRP; 10 µg), and ertapenem (ETP; 10 µg). Isolates were further tested for extended-spectrum beta-lactamase (ESBL) and AmpC activities by phenotypic methods, as described previously. [7, 8] Genotypic detection of extended-spectrum beta-lactamase encoding genes A multiplex PCR assay was performed to detect and differentiate bla TEM , bla SHV and bla CTX-M genes. The primers were chosen from earlier published studies. [9] Another PCR assay was performed to detect bla CTXM-15 variant of bla CTX-M as described earlier. [10] Genotypic detection of plasmid-mediated AmpC β-lactamases All isolates were tested by a multiplex PCR assay that identified six family-specific AmpC genes carried on plasmids such as MOX, FOX, EBC, ACC, DHA, and CIT, using primers and conditions as described previously. [11] Statistical analysis Chi-square test was used to find association between the LF and NLF isolates. The analysis was performed using statistical package SPSS version 17 (USA). Table 1 .
RESULTS
Sixty-one isolates were found to belong to phylogroup A and 27 strains to group B1, both phylogroups that are known to be commensal groups. Among the virulent groups (phylogroups B2 and D), 104 were from group B2 and 108 were from group D. Phylogenetic distribution of the LF and NLF isolates are summarized in Table 1 .
On analysis of virulence genes among the 300 isolates, we found maximum number were carrying fimH (90%) gene followed by iutA (68%), papC (45%), hlyA (23%), cnf1 (23%), and neuC (5%), respectively.
Of the 300 isolates, 70% isolates were found to be positive for ESBL genes, and CTXM types were the most predominant type. CIT type of plasmid-mediated AmpC was seen only in 12% of isolates.
On analysis of the NLF isolates and possession of VF genes among our ExPEC strains yielded the fact that there existed significant positive correlation between NLF E. coli isolates with iutA, hlyA, and neuC when compared to LF E. coli isolates [ Table 1 ]. However, there were no significant difference in the distribution of β-lactamase genes and pAmpC (CIT type) gene [ Table 2 ].
Results of Kirby-Bauer disk diffusion methods indicated that, of the 300 isolates, 291 (97%) were fully susceptible to ETP and similarly, 282 (94%), 276 (92%), and 267 (89%) isolates were susceptible to MRP, IPM, and nitrofurantoin, respectively. Among the isolates, 195 (65%) were resistant to ciprofloxacin, 144 (48%) were co-trimoxazole-resistant, and 138 (46%) were found to be gentamicin resistant. The resistance patterns exhibited by LF and NLF isolates against representative antimicrobials from different classes are shown in Figure 1 .
DISCUSSION
In our study, nearly 13% isolates were NLFs, and majority of them were from urinary tract followed by blood isolates. Altered phenotype could be due to an altered genetic makeup of the isolates. This finding is similar to other studies such as the one conducted by Raksha et al. [12] who studied 220 isolates of which 14 (6.36%) were NLF. Another study conducted by Sharma et al. [13] has also reported 12% of their isolates were NLF isolates.
ExPEC which routinely cause infections have been shown to belong to phylogroups B2 and D. Results of our study indicated that approximately 75% of the E. coli isolates from our patients belonged to phylogenetic group B2 and D which is in agreement with previous findings. [14, 15] A comparison of LF and NLF isolates in relation to their phylogroups detected the significant predominance of LF isolates in commensal phylogroups A and B1 and NLF isolates in the virulent phylogroups (B2 and D). This indicates that NLF isolates were more virulent in comparison to LF isolates.
In our study, we found a high prevalence of type-1 fimbriae producing isolates, 90% of the total isolates had the fimH gene which indicated their ability to attach to mucosal surfaces so as to initiate infection. However, our study failed to correlate fimH gene as a VF for both LF and NLF isolates.
In the present study, it was observed that two in three isolates were found to be positive with an iutA gene, which indicates the importance of its role in pathogenicity, we also observed that presence of iutA genes were significantly higher in NLF isolates when compared to LF isolates. Several investigators have reported that iutA was the most common VF trait among blood isolates. [16, 17] We found 45% of the isolates to be positive for papC gene. PapC is one of the genes which is responsible for the assembly platform for the fimbrial growth and help the isolates for adherence to eukaryotic cells. Johnson et al. have suggested that P fimbriae contribute to the ability of E. coli strains to cause UTI, especially the more clinically severe forms. [18] Nevertheless, in our study, we failed to demonstrate the significance of papC in LF and/or NLF isolates as it was equally distributed in both type of isolates.
In our study, approximately 24% isolates were found to possess the hlyA gene. In contrast to LF isolates, we found the presence of hlyA gene was significantly higher in NLF isolates. It has been suggested that colonization with hemolytic strains of E. coli lead to a greater risk of developing UTI and such colonization may also contribute to tissue invasiveness and injury and even facilitate entry into the blood stream resulting in sepsis. [14, 17] We also observed that approximately one in four isolates was carrying the cnf1 gene although there was no significant difference between LF and NLF isolates in the possession of the gene. The presence of cnf1 in E. coli may help them to escape from phagocytes as shown by Doye et al. who demonstrated that CNF-1 provokes an increased adherence of PMNL onto epithelial cells, and a decreased bacterial phagocytosis. [19] Only 5% of our isolates possessed the neuC gene and majority of these were NLF isolates. Presences of neuC in isolates indicate their pathogenic character in that the capsulated strains basically inhibit the phagocytosis process due to their possession of capsular polysaccharide which has antiphagocytic action. Several studies reported that K1 isolates were responsible for meningitis, especially neonatal meningitis as capsular strains have the ability to cross the blood-brain barrier. [20, 21] The rapid increase in the rate of antibiotic resistance of ExPEC isolates is a major cause of concern. In our study, isolates we observed a high degree of resistance pattern to commonly used antibiotics such as ampicillin, piperacillin, ciprofloxacin, and norfloxacin. However, around 50% isolates were resistant to ceftazidime. We also observed that isolates were resistant to drug combinations such as piperacillin/tazobactam (25%), and around 35% of the isolates were resistant to cefoperazone/sulbactam which is quite alarming. Several studies have also reported a high level of resistance to common antibiotics. [22, 23] Higher sensitivity was observed to amikacin (84%), nitrofurantoin (89%), ETP (97%) and other carbapenem group of drugs. However, while comparing the resistance pattern in between LF and NLF isolates we observed most of the LF isolates were multidrug resistant as they were less susceptible to aminoglycosides, fluoroquinolones, BL + BI, and carbapenem group of drugs.
A recent study by Chakraborty et al. had reported a high prevalence of ESBL producing isolates, with CTX-M being the most predominant type, although, in the present study, there were no significant difference in possession of ESBL genes among the LF and NLF isolates. [24] Plasmid-mediated AmpC β-lactamases belonging to Ambler class C are a new threat worldwide as they mediate resistance to a broad spectrum of antibiotics. In recent years, pAmpC is increasingly being identified in E. coli. [25] In the present study, we found around one in ten isolates were positive for the CIT type of plasmid-mediated AmpC gene. However, there were no significant difference between LF and NLF isolates in process of AmpC genes.
CONCLUSION
Out study, findings suggest that LF isolates were less virulent but demonstrated higher resistance to antimicrobials whereas NLF isolates were more virulent albeit being less resistant. However, further investigations are required to explain the mechanisms at play behind these findings.
